Background: Association between exogenous estrogen intake and cholelithiasis risk has been reported in several epidemiological studies, including oral contraceptive (OC) and hormone replacement therapy (HRT), while the results were controversial. This study aimed to perform a comprehensive meta-analysis of this issue.
Introduction
The gender difference in the prevalence of gallstones is presumed to be caused by endogenous female sex hormones, particularly estrogen. [1] So the exogenous estrogen may be a subversive, mainly including the oral contraceptive (OC) and hormone replacement therapy (HRT) for women. What is more, the estrogen was also used in the treatment of prostate cancer. [2] However, due to the gap in the subgroup analysis, the association between OC/HRT and cholelithiasis was specifically illustrated in the present study.
The OC was commonly used in daily life, which was the main source of exogenous estrogen for young women. There has been a series of studies that investigated the relationship between OC and the incidence of gallstones; however, the results were inconsistent. For example, some studies [3] [4] [5] showed positive relationship between the OC and gallstones, while others showed [6] [7] [8] [9] [10] that the OC had no influence on the incidence of gallstones.
Postmenopausal HRT has been widely used to improve symptoms and protect the bone and vessel for menopause women. However, HRT is a double-edged sword for increasing the incidence of cancer of breast, thyroid, and endometrium, which has come into our notice. However, the relationship between HRT and gallstone was controversial: most of the studies indicated that HRT was a risk factor of gallstone, [1, 6, [10] [11] [12] [13] [14] while others did not. [9, 15, 16] Thus, the aim of this article is to systemically evaluate the association of exogenous estrogen (OC and HRT) and incidence of gallstone by a meta-analysis approach, and to provide evidences for clinical decision.
"cholecystectomy." The detailed search strategy can be found in Supplementary table S1, http://links.lww.com/MD/B633.
In the study selection process, the first-round search was based on the titles and abstracts, and then full papers of potential eligible studies were reviewed. This meta-analysis was designed, conducted, and reported according to PRISMA and MOOSE statements. [17, 18] Articles were included if they met all the following criteria: studies evaluated the association between the estrogen or OC or HRT and incidence of gallstone; relative risk (RR) or odds ratio (OR) estimates and their 95% confidence intervals (95% CI) were given or could be calculated; articles as full papers in English or Chinese were retrieved. In addition, only the case-control study and cohort study were included. Studies that assessed the changes of bile composition and gene expression level were excluded. Reviews, meeting abstracts, letters, comments, editorials, and case reports were also excluded because of the limited data.
2.1.2. Data extraction and quality assessment. Two reviewers (CYX and WSQ) independently extracted the following information of each study: the first author, year of publication, country, study design (case-control or cohort), characteristics of patients (including sample size, gender, and mean age), RRs/ORs with 95% CIs, and the discrepancies were resolved by a third investigator (WYQ). The quality of each study was assessed according to NEWCASTLE-OTTAWA quality assessment, [19] as shown in Supplementary table S3, http://links.lww.com/MD/ B633.
2.1.3. Data synthesis and statistical analysis. According to the extent of heterogeneity, either a fixed-or random-effect model was adopted to pool these study-specific RRs (ORs). The significance of the pooled RR was determined by Z test (P < 0.05 was considered to be significant). Heterogeneities across studies were checked by the chi-square test and I 2 test (I 2 test quantifies the proportion of total variation across studies due to heterogeneity rather than chance). P < 0.10 and or I 2 > 50% indicates significant heterogeneity, and the random-effect model was used. Otherwise, a fixed-effect model was applied. Subgroup analyses were applied to explore source of heterogeneity and to evaluate potential effect modification of variables including estrogen type, study quality, and design. Funnel plots were constructed and Begg and Egger tests were performed to assess the publication bias, and P 0.10 was considered to be significant. All analyses were conducted using Stata software (version 12.0; StatCorp, College Station, TX).
2.1.4. The original study. An original study from our center was also conducted to further evaluate the association between estrogen intake and gall stone risk in Chinese population. A total of 540 patients who were diagnosed as gallstone and underwent surgery between May 2010 and December 2016 in QiLu hospital were admitted. Meanwhile, 540 healthy people were matched in Center of physical examination of Qilu hospital. The information of the 2 groups was shown in the Supplementary table S4, http://links.lww.com/MD/B633. Questionnaires by a telephone follow-up was conducted, which mainly included the following information: the history of estrogen (OC and HRT) intake (yes or no); if it is yes, then the time for drug intake (less than 1 year or more than 1 year); for people who were treated with HRT, the of time for drug withdrawal was inquired (within 2 years or beyond 2 years). Then the RR value and 95% CI were calculated by SPSS software, version 18.0,Chicago, IL, USA. The research was approved by Ethics Committee of Shandong University Qilu Hospital.
Results

Study characteristic and data quality
PUBMED, EMBASE, and Cochrane library databases were searched, and finally 1020 articles were included. After removing 223 duplicate articles, we reviewed the titles and abstracts to exclude 709 irrelevant studies. The full text of the remaining 88 relevant articles were evaluated to make further exclusion: without insufficient data (n = 62), and not original articles (n = 7). Finally 19 articles were included for meta-analysis. The detailed screening and selection process was shown in Fig. 1 .
Totally, 19 articles, including 9 case-control studies and 10 cohort studies, with 21,476 patients and 556,620 participants were included. The age of participants ranged from 14 to 80 years old, and most of them are women by focusing on the OC and HRT; only Henriksson et al [2] reported the estrogen use in male with prostatic cancer. The characteristics of each article were presented in Supplementary table S2, http://links.lww.com/MD/ B633.
Association between exogenous estrogen intake and cholelithiasis
To assess the influence of exogenous estrogen on the cholelithiasis risk, we used random-effect model to pool the study-specific RRs. Compared with the lowest categories of estrogen intake, the pooled RR of cholelithiasis for the highest categories was 1.59 (95% CI: 1.44-1.75), indicating that exogenous estrogen was positive associated with the intake of exogenous estrogen (Fig. 2) . Heterogeneity was found to be significant (I 2 = 85.5%, P = 0.000) (Fig. 2) .
Association between OC and cholelithiasis
Due to the different type and dose between the OC and HRT, we detected the RR of them respectively. The results showed that there was no signification relationship between OC intake and cholelithiasis risk with the RR = 1.15 (95% CI: 0.94-1.40). Thus, the OC did not significantly increase the risk of cholelithiasis (Table 1) .
Association between HRT and cholelithiasis
HRT is significantly associated with the risk of cholelithiasis according to the pooled RR = 1.79 (95% CI: 1.61-2.00); thus, HRT can increase the incidence of cholelithiasis (Table 1) .
Original study
As shown in Table 2 , 140 patients and 140 healthy people were included in our original study to investigate the association between exogenous estrogen intake and risk of cholelithiasis. When OC intake lasted for less than 1 year, the RR was 1.23 (95% CI: 0.90-1.68), and it was 1.52 (95% CI: 0.64-3.60) for use of OC more than 1 year. As for the HRT, we chose patients and control groups who were postmenopausal. After HRT for less than 2 years, the RR was 2.01 (95% CI: 1.43-2.83), and after HRT for more than 2 years, the RR was 1.78 (95% CI: 1.02-3.60) ( Table 3 ).
Publication bias
Begg funnel plot and Egger-weighted regression indicated that there was no significant publication bias (P egger = 0.689 > 0.05) ( Supplementary Fig. S1 , http://links.lww.com/MD/B633).
Discussion
Our work firstly assessed the association between exogenous estrogen intake and cholelithiasis by a meta-analysis approach, which will be useful to guide clinical decision. We found that exogenous estrogen can significantly improve the risk of cholelithiasis (RR: 1.59 (95% CI: 1.44-1.75). The main exogenous estrogen include the OC and HRT; however, the pooled RR values were different: RR of OC is 1.19 (95% CI: 0.97-1.45), RR of HRT is 1.79 (95% CI: 1.61-2.00). It indicates that OC is not the risk factor for cholelithiasis, which will be beneficial to eliminate the bias for the OC. As for the HRT, our results proved it can significantly increase the incidence of cholelithiasis. The risk of breast cancer, ovarian cancer, and endometrial cancer were the well known side effects of exogenous estrogen, but its effect on cholelithiasis did not gain much attention. Several suggestions might be driven on the basis of the current meta-analysis results: First, women who ever underwent diseases in biliary tract should apply the HRT deliberative. Second, besides the test for breast, ovarian and uterus, the healthy station of bile duct before and during the HRT should be examined. And 1 report indicated that estrogen therapy can promote incidence of gallstone in male with prostatic cancer. [2] Thus, it could be speculated that estrogen maybe a risk factor for male either; however, due to the lack of eligible clinical trials, we cannot calculate the pooled RR to support this conception, and more studies are needed to further investigate this issue. What is more, our research would benefit to understand why women and overweight people are easier to undergo gallstone. 95% CI = 95% confidence interval, ERT, estrogen replacement therapy, HRT = hormone replacement therapy, OC = oral contraceptive, RR = relative risk.
The OC * and ERT † mean the RR value after excluding the papers with relative low quality by Newcastle-Ottawa Scale. Table 2 Original study-association between OC and cholelithiasis risk in Chinese population. In addition, an original research was also conducted to verify the effects of exogenous estrogen in Chinese population, and similar results were validated.
Control
Why the exogenous estrogen can lead to gallstone? There have been many researches focusing on the molecule mechanism of estrogen in bile duct and gall bladder. First, estrogen impacts the lipid metabolism [20] [21] [22] [23] by G protein-coupled receptor 30, [22] estrogen receptor a [24] that increases burden of gall bladder and leading to formation of gall stone. Second, estrogen can cause relaxation of human gallbladder via G protein-coupled estrogen receptors. [25, 26] The work exists heterogeneity as shown above; so it is important to analyze the heterogeneity. As shown in Table 1 , after eliminating the low-quality articles (less than 8 points) according the Newcastle-Ottawa Scale, the heterogeneity of OC group was significant decreased (I 2 = 51.7%, P = 0.029), so the heterogeneity of OC group mainly resulted from the low-quality study. As for the HRT subgroup analyses, geographic region, design type, article quality, and number of sample were analyzed, whereas only part of heterogeneity was explained. So more high quality researches are needed to verify our conclusion.
Our study has several strengths. First, we demonstrate that the HRT is a risk factor for cholelithiasis, whereas OC is not, by a meta-analysis approach for the first time. Second, we provided an original study to verify our conclusion, which strengthened the current analysis. Finally, most of the included studies were of high methodological quality, and no publication bias was observed.
There also exist some limitations. First, due to the lack of data, dose-response analysis of estrogen intake could not be conducted. Second, although subgroup analysis was conducted, heterogeneity among the included studies could not be completely explained, and more high quality and well designed studies may be needed to validate this issue and reduce heterogeneity.
Conclusion
HRT is positively associated with cholelithiasis risk; however, OC has no significant association with cholelithiasis.
